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Three-Tier  Approach  to  Chemical  Spill  Response 

Keith  D.  Chandler,  LtCol.,  US  AF,  BSC 

USAF  Medical  Center/SGB,  Wright-Patterson  AFB,  Ohio  45433-5300 


Major  chemical  spills  create  special  problems  in  protec- 
tion of  both  public  and  worker  health.  The  current  standard  of 
practice  for  a major  spill  requires  the  evacuation  of  personnel 
for  a specified  distance  downwind,  using  exposure  limits  and 
dispersion  models  to  define  a toxic  corridor's  safe  and  unsafe 
areas.  The  implication  of  this  practice  is  that  there  is  sign  ificant 
health  risk  inside  the  toxic  corridor  and  no  significant  risk 
beyond  the  corridor.  Because  of  the  high  level  of  uncertainty 
in  both  the  exposure  limits  and  the  dispersion  modeling  used, 
these  corridors  are  understandably  conservative  in  an  attempt 
to  develop  a high  degree  of  confidence  that  people  outside  the 
toxic  corridor  are  not  endangered.  However,  this  conservative 
practice  can  result  in  very  large,  predicted,  toxic  hazard  cor- 
ridors creating  evacuation  pmblems  and  additional  hazards. 

Before  1985,  the  United  States  Air  Force  used  National 
Academy  of  Science  (NAS)  •-  National  Research  Council 
(NRC)  published  emergency  public  exposure  limits  for 
nitrogen  dioxide  (NCh)  and  the  hydrazine  foels  used  in  rocket 
and  missile  operations.  In  1985  and  1989,  the  NAS-NRC 
Committee  on  Toxicology  published  a new,  lower,  short-tetm 
public  exposure  guidance  level  (SPEGL)  for  NO2  and  the 
hydrazines  used  in  Titan  rockets.  This  lowering  of  the  ex- 
posure limit  caused  a significant  Increase  in  the  length  of  the 
predicted  potential  toxic  corridor  at  Vandenberg  Air  Force 
Base,  extending  it  well  beyond  the  controlled  areas  of  the  base 
into  populated  areas,  significantly  impacting  the  base’s 
ability  to  perform  higher  risk  operations  such  as  fueling  and 
launching  the  rocket  This  forced  a re-evaluation  of  the  stand- 
ards and  practices  used  for  hazard  planning. 

Predicting  the  toxic  hazard  corridor  requires  three  prin- 
cipal elements:  rate  of  contaminant  evaporation,  dispersion 
modeling,  and  exposure  limits.  This  paper  focuses  on  the 
exposure  limits,  the  associated  health  risk,  and  response 
actions. 

If  a chemical  release  does  occur,  the  information  needed 
by  the  Bue  Commander  is  the  degree  of  risk  to  human  health 
and  safety.  Risks  can  be  either  immediate  or  long  term  and 
can  affect  foe  general  population  or  selected  sensitive  in- 
dividuals. 

In  foe  case  of  NO2,  there  is  much  experience  with  human 
exposure.  In  the  average  population,  the  risk  is  considered 
immediate  with  a finite  threshold  for  irreversible  health 
damage;  however,  there  is  s sensitive  subpopulation  that  may 
suffer  from  secondary  effects  caused  by  exposures  at  much 


lower  levels.  The  SPEGL  is  set  at  a level  to  protect  this 
sensitive  subpopulation,  but  it  does  not  give  the  Base  Com- 
mander the  risk  information  needed  to  evaluate,  plan  for,  and 
respond  to  a large  chemical  spill.  The  Environmental  Protec- 
tion Agency’s  (EPA)  Technical  Guidance  for  Hazard 
Analysis,  Emergency  Planning  for  Extremely  Hazardous 
Substances  (December  1987)  sets  the  "Level  of  Concern"  for 
public  emergency  exposure  at  1/10  of  the  "Immediately 
Dangerous  to  Life  and  Health"  (IDLH)  level.  EPA  has  also 
established  an  air  pollution  ceiling  goal  for  NO2,  above  which 
is  the  ’’significant  harm  level"  for  the  public  as  a whole, 
including  sensitive  subpopulations.  The  Occupational  Safety 
and  Health  Administration  (OSHA),  the  American  Con- 
ference of  Governmental  Industrial  Hygienists  ( ACGIH),  and 
foe  National  Institute  for  Occupational  Safety  and  Health 
(NIOSH)  have  ail  published  occupational  exposure  limits  for 
short-term,  periodic  exposures. 

The  hydrazine  family  of  fuels  creates  a different  prob- 
lem. Although  acute  toxicity  dau  are  available,  these  chemi- 
cals have  been  listed  as  suspected  human  carcinogens.  This 
identificabon  as  suspected  carcinogens  caused  NIOSH  to 
remove  the  IDLH  listing  for  these  chemicals  from  the  NIOSH 
Pocket  Guide  to  Chemical  Hazards , Fifth  Priming.  The  Pock- 
et Guide  data  were  not  intended  to  be  used  for  emergency 
response;  however,  foe  Guide  had  become  the  standard 
source  for  IDLH  data  from  a recognized  agency.  Therefore, 
when  the  IDLH  levels  for  suspected  carcinogens  were 
deleted,  a void  was  created  in  "officially  recognized"  IDLH 
values  for  hydrazines.  This  makes  it  difficult  for  a Base 
Commander  to  defend  foe  use  of  an  exposure  limit  that  is  not 
sanctioned  by  a recognized  agency. 

In  order  to  provide  the  Base  Commander  with  better  tools 
to  evaluate  risk  from  and  respond  to  failures  of  these  fuel 
systems,  we  developed  a risk-based  approach  to  toxic  hazard 
prediction  and  response.  The  approach  identified  three  risk 
categories,  each  with  an  associated  risk  and  response  proce- 
dure. Although  this  approach  may  not  be  necessary  or  prac- 
tical for  small  chemical  spills,  it  greatly  helps  manage  both 
planning  and  response  to  large  toxic  chemical  spills. 

Table  I shows  the  sources  of  several  published  exposure 
limits  for  the  primary  rocket  fuels.  This  information  was  used 
identify  existing  standards  and  to  help  clarify  relative  risks 
for  different  exposure  limits.  These  risks  can  be  divided  into 
three  categories:  immediately  hazardous  to  life  and  health, 
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TABLE  I.  Exposure  Standards  and  Levels  of  Concern  (LO.C.) 


Standards 

Level  /Tier 

rnroQsn  uioxkm 

1 

2 

3 

IDLH/1/2 IDLH 

50/25  ppm 

X 

— 

— 

EPA  LO.C. 

5 ppm 

— 

X 

— 

EPA  significant  harm  level/ 

2 ppm  (1  hr  avg.) 

— 

— 

— 

polution  eating  goal 

0.5  ppm  (24  hr  avg.) 

— 

— 

— 

SPEQL/NAS-NRC 
ACQIH  short-term  exposure 

1 ppm  (1  hour) 

—— 

X 

ImH(STEL)  (1990) 

5 ppm  (15  min). 

OSHASTEL 

1 ppm  (15  min) 

UOMH  (Unsymmetrical  ctimethythydrazine) 

IDLH/1/2  IDLH 

50/25  ppm 

X 

— 

EPALO.C. 

5 ppm 

— 

X 

SPEQL/NAS-NRC  1989  (cancer) 
ACQIH  time  weighted  average 

24  ppm  (1  hr) 

(TWA),  (1990)  [proposed] 

0.5  ppm  [0.01  ppm] 

OSHASTEL 

Hydrazine 

0.5  ppm  (15  min) 

IDLH/1/2  IDLH 

80/40  ppm 

X 

— 

EPALO.C. 

8 Ppm 

— 

— 

SPEQL/NAS-NRC  1989  (8ver) 

2 ppm  (1  hr) 

— 

X 

ACQIH  TWA  (1990)  [proposed] 

0.1  ppm  [0.01  ppm] 

OSHASTEL 

\ 

0.1  ppm  (15  min) 

Control  to  Sim  limit  required  tor  planned  and  repetitive  flense. 


without  regard  to  long-term  cancer  risk;  potentially  hazard- 
ous to  the  general  public  with  effects  being  reversible  or 
minor,  and  not  significantly  hazardous  to  the  general  public 
but  posing  increased  risk  to  a sensitive  subpopulation. 

Table  n defines  the  levels  of  concern  categories  and 
reflects  the  recommended  response  action  for  each  level  of 
risk.  In  addition.  Table  I indicates  which  exposure  limit  best 
fits  each  level  of  concern. 

This  approach  requires  that  the  Base  Commander  accept 
a certain  level  of  risk  for  public  exposure  potential  by  using 
exposure  hazard  data  that  are  available  but  not  "officially" 
sanctioned;  yet,  it  allows  the  Commander  the  flexibility  to 
conduct  hazardous  operations  with  a high  level  of  confidence 
that  an  effective  response  can  be  made  to  a major  chemical 


release. 

Implementation  of  the  three-tier  approach  required  an 
education  campaign  for  the  commanders  and  operators  to  get 
them  to  understand  and  accept  this  new  way  of  planning  for 
disaster.  Commanders  had  to  accept  the  uncertainty  of  not 
having  a "national  standard"  to  rely  upon.  Operating  instruc- 
tions, disaster  response  plans,  and  computer  dispersion 
models  had  to  be  modified  to  deal  with  levels  of  risk  and  three 
levels  of  toxic  corridors. 

In  the  final  analysis,  however,  this  three-tier  approach  to 
managing  hazardous  chemical  spills  provides  the  operational 
commanders  with  a risk  management  tool  that  permits  in- 
creased flexibility  in  establishing  policies  and  in  managing 
hazardous  operations  with  a higher  level  of  confidence. 


TABLE  H Description  of  Layla  of  Concern 
Level  1:  Control  Access  and  Evacuate 

vrvnraowy  owyiroui  id  pi  n ntm.  vxinotnvSDprw  poo#  rw  ixpottQ 

pMoml. 

H$ooniin$od$d  Aciiott  Evftcuttiofl  should  btDtffonritdunliii  It  crtftlitfnoft  risk  tfiiniMkinfl 
■nsiw  or  romsnny  si  nr-ogni  snsssfi. 

Laval  2:  Saak  Shaft*  or  Evacuate 

Exposure  poaae  soma  risk  to  the  averagt  indMduaL 

flaccremendtefActot  Seek  shelter  Indoors  with  outilde  ter  Intakae  dosed  or  evacuate  rlanaorim 
on  sMualon  and  duration. 

Level  3:  Sensitive  IndMduale 

Exposure  poses  no  haz*d  to  normal  and  healthy  todMduate.  Certain  sensitive  IndMduale 
(astmatioa  and  oerteln  otiwr  lung-dtoeesed  psopie)  may  be  at  eonw  risk  H exposed. 
Aeeoffinwndetf  Action  Slntl*  to  Stage  3 air  polulton  alert  notify  the  pubHo  of  release,  provide 
Information  on  potential  cubic  exposure  end  effects.  and  advise  sensitive  IndMduale  to  avoid 
atenuoue  nhvskv-l  eotivitv.  remain  tnrti^aes.  and  otoaa  air  Makes.  Anodes  only  to  ^Q*/NO*. 


